Objective: To study hospitalization for psychiatric disorders before and after onset of unprovoked epileptic seizures/epilepsy.
Several, mainly cross-sectional, studies have demonstrated that psychiatric disease is more common among people with epilepsy than in the general population. [1] [2] [3] [4] [5] This includes anxiety disorders, 6, 7 bipolar disorders, 8 psychoses, 9, 10 and depression. 3, 4, 7 Depression has been the most frequently studied psychiatric condition among people with epilepsy. In addition, the suicide risk in people with epilepsy has been found to be increased and seems to be so even in the absence of a psychiatric disorder. [11] [12] [13] The reasons for the increased prevalence of psychiatric disorders in people with epilepsy are unclear and probably multifactorial.
Two population-based studies have shown that depression may precede the onset of epilepsy and in fact be a factor increasing the risk of development of epilepsy by 2-to 7-fold. 14, 15 One case-referent study, however, comprised only 83 cases of incident epilepsy. 14 In this study as well as the other, also a case-control study, information on prior depression was obtained after seizure onset with the risk of recall bias. 15 To further our understanding of the temporal sequence in the relationship between epilepsy and psychiatric disorders and the nature of the relationship, we performed a nested case-control study using a large population-based cohort of people with incident unprovoked seizures as cases and first hospital discharge diagnoses of psychiatric disorder, before and after seizure onset, as exposure. We could thus study temporal aspects of the association between incident unprovoked seizures and psychiatric diagnoses for a time span up to 20 years before and 9 years after seizure onset.
METHODS Cases were patients of all ages with newly diagnosed unprovoked epileptic seizures included in the Stockholm Incidence Registry of Epilepsy (SIRE) from September 1, 2000, through August 31, 2008 . SIRE methodology has been reported in detail elsewhere. 16 In brief, multiple sources were used to identify potential incident cases of first unprovoked seizures among residents of Northern Stockholm.
After screening approximately 19,500 EEG requests and 5,000 medical records, 1,885 cases met our criteria for first unprovoked seizure. Six months after the index seizure, the SIRE study group made a classification of cases based on review of medical records. At that time point, 1,127 of the 1,885 cases had experienced further unprovoked epileptic seizures. The seizures were classified according to the 1993 and 1997 recommendations of the International League Against Epilepsy. 17, 18 For each case, 8 controls (in total 15,080) matched for sex and year of diagnosis were randomly selected from the register of the Stockholm County population. Each control had to be resident in the catchment area at the time of diagnosis of the case.
Exposure was defined as a hospital discharge diagnosis using International Classification of Diseases (ICD) codes from the Swedish Hospital Discharge Registry. This registry provides ICD codes for all in-patient care in the country since 1969 and is considered to be virtually complete, although the diagnostic va-lidity depends on the clinical diagnosis and the coding. Using the personal 10-digit identification number, cases and controls were linked to this registry to identify a history of in-hospital care from 1980 to 2009. 19 From 1980 to 1986, diagnostic information was based on the Swedish version of the ICD-8 (World Health Organization [WHO], 1967), from 1987 to 1996 on ICD-9 (WHO, 1977) , and from 1997 and onwards on ICD-10 (WHO, 1994). Hospital discharge diagnoses of affective disorders (ICD-8: 296, 298, 300.4; ICD-9: 296, 298A, 300E, 311; ICD-10: F30 -F34, F38 -F39), anxiety disorders (ICD-8: 300.0 -300.3; ICD-9: 300A-D, F, W, X; ICD-10: F40 -42), psychoses (ICD-8: 295, 297, 299.99; ICD-9: 295-299; ICD-10: F20 -F29), and suicide attempts (ICD-8: E950 -E959; ICD-9: E950 -959, E980 -E989; ICD-10: X60 -X84, Y10 -Y34, Y87.0, Y87.2) were recorded.
The entities affective disorder and psychosis excluded psychiatric disorders with an established organic basis. Anxiety disorder included phobic stress-related and somatoform syndromes. Suicide attempt also included cases of undetermined intention. Psychiatric disorders combined included all the above diagnoses except suicide attempt. Primary as well as additional discharge diagnoses were considered.
Information on socioeconomic status was obtained through a record linkage to a registry maintained by Statistics Sweden with data from the Population and Housing Census. Socioeconomic status was categorized into 7 classes based on employment and educational status (class 1-3, low; class 4, intermediate; class 5-6, high; and class 7, others).
We used conditional logistic regression to calculate odds ratios (ORs) with 95% confidence interval (CI), adjusting for potential confounders. ORs were first calculated in relation to the socioeconomic classes. Thereafter age-adjusted ORs (95% CI) were calculated to assess the risk of development of unprovoked seizures after a first hospital discharge for the diagnoses, depression, bipolar disorders, psychosis, anxiety disorder, psychiatric disorders combined, and suicide attempt, separately for men, women, seizure type, and presumed seizure etiology. Among patients with more than one hospital admission, all the admissions were accounted for. Each specific diagnosis given for each case was also recorded to analyze the amount of overlap.
The time in years from a psychiatric discharge diagnosis until the index seizure, as well as from the seizure until a psychiatric discharge diagnosis, was calculated, and ORs were assessed for each different time interval. Cases without the specific discharge diagnosis constituted the reference in this calculation.
For the primary analysis, cases with a single unprovoked epileptic seizure and those with recurrent seizures were combined. However, we performed additional calculations of ORs for cases with single unprovoked seizures and recurrent seizures separately. Analyses were conducted using proc. logistic in SAS (version 9.2; SAS Institute Inc., Cary NC).
Standard protocol approvals, registrations, and patient consents. Approval was granted by the Ethics Review Board at
the Karolinska Institute, Stockholm, Sweden, who deemed that no individual informed consent was required.
RESULTS
Characteristics of the cases and controls are summarized in table 1. Among cases, 1,033 were men and 852 were women. Focal seizures were the most common type, making up 66% of the total. Seizures were considered remote symptomatic in Table 1 Characteristics of cases and controls 42%, whereas only 9% of the cases fulfilled the criteria for idiopathic seizures or epilepsy. We found no association between socioeconomic class and risk of unprovoked seizures. The ORs were close to unity for all classes when analyzed separately by sex or by different age groups (data not shown). Consequently, socioeconomic status was not considered a confounder and was not included in the further analyses.
Of the 1,885 cases, 69 (3.7%) had either a discharge diagnosis of depression, psychosis, anxiety disorder, or bipolar disorder. The corresponding figure for the controls was 206 of 15,080 (1.4%). The age-adjusted ORs with 95% CI for development of incident unprovoked epileptic seizures after a hospitalization for depression, psychosis, bipolar disorder, anxiety disorder, suicide attempt, or psychiatric disorders combined are given in table 2. The OR was 2.3-2.7 for all these diagnoses. ORs for bipolar and anxiety disorders were higher among women than men, whereas the opposite was the case for depression (table 2) . Among those with suicide attempts, almost two-thirds of both cases and controls were women (table 2) .
The results were essentially the same when cases with single unprovoked seizures and recurrent seizures were analyzed separately (table e-1 on the Neurology ® Web site at www.neurology.org).
Increased ORs were noted for several other discharge diagnoses after seizure onset, among others, dermatological disorders (OR 2.3, 95% CI 1.9 -3.0) and eye disorders (OR 2.1, 95% CI 1.6 -2.8) (data not shown). Table 3 presents the same OR calculations but for remote symptomatic seizures and cryptogenic/idiopathic seizures separately. ORs were higher in the cryptogenic/idiopathic group than in the symptomatic group (table 3) . Table 4 gives the ORs for unprovoked epileptic seizures in relation to psychiatric hospital discharge diagnoses at different time intervals between the psychiatric diagnosis and the index seizure. Significantly increased ORs were noted in relation to psychiatric disorders including suicide attempts more than 5 years before and more than 2 years after the index seizure, although the highest ORs were seen for the years closest to the index seizure and most distinctly for depression and psychosis (table 4) .
Of the cases with one of the discharge diagnoses (depression, psychosis, anxiety disorder, or bipolar disorder), 25% had more than one discharge diagnosis (data not shown). Abbreviations: CI ϭ confidence interval; OR ϭ odds ratio. a Psychiatric disorders combined includes all the above diagnoses except suicide attempt, for which each patient can have more than one psychiatric diagnosis. 
DISCUSSION
The major strengths of this casecontrol study lie in its size, the population-based methodology, the validated and uniformly classified seizure cases with information on the index date, and the fact that data on exposure were recorded in routine hospital care and independent of the seizure before seizure onset, thus avoiding recall bias. A further advantage was the possibility to assess the effect of exposure during a considerable time before and after index seizure. We found a 2-to 3-fold increased risk of developing unprovoked seizures after a hospital discharge diagnosis of all investigated psychiatric conditions (table 2) , and a trend toward higher ORs in patients with cryptogenic/idiopathic etiology compared with those with remote symptomatic etiology (table 3) . The association was greatest with psychiatric diagnoses less than 2 years before and up to 2 years after the index seizure, but for psychiatric disorders combined was still present more than 5 years before and more than 2 years after the index seizure (table 4) . Some previous studies have suggested that people with epilepsy are at increased risk of having symptoms that resemble those of schizophrenia, 10, 20 and some results support an association of schizophrenic disorders with epilepsy, particularly with epilepsy from the temporal limbic system. 9 Less is known about the interaction of bipolar disorder and epilepsy, although a common mechanism has been proposed. 21 The time sequence between onset of seizures and these psychiatric conditions has, however, not been assessed before. In this respect, the association between epilepsy and depression has been studied more extensively. Our findings of an increased frequency of depression diagnoses preceding the seizure disorder among cases than among controls, are mainly in accordance with the results of 2 previous population-based studies. 14, 15 Hence, a case-control study from Iceland comprising 324 cases and 647 controls showed that people with incident unprovoked seizures were 1.7-fold more likely to have a history of major depression. 15 A much smaller Swedish study reported a 7-fold increased risk of developing unprovoked seizures with a prior history of depression. 14 Although the study from Iceland has the advantage of a rigorous validation and classification of the depression diagnosis using DSM-IV criteria, researchers from both previous studies obtained their information through interviews after seizure onset with inherent risks of recall bias 14, 15 that could be avoided in our present study. In the Icelandic study, epilepsy cases had, compared with controls, a shorter time interval from the most severe episode of depression to the index date, 22 but a detailed analysis of the temporal relationship between seizures and a diagnosis of depression (or other psychiatric conditions) similar to ours has not been performed in a previous study.
The association between epilepsy, suicide, and suicide attempt has attracted much attention lately. 23, 24 A Finnish population-based register study found that 1.3% (n ϭ 25) of suicide victims had a prior history of epilepsy, 25 whereas larger registerbased studies from Denmark and Iceland have shown a 3-to 5-fold increased risk of suicide among patients with epilepsy. 11, 15 We found an OR of 2.6 for unprovoked seizures after suicide attempt, based on 28 cases (1.5%) and 95 controls (0.6%), and a significantly increased risk (OR 2.8, 95% CI 1.6 -4.8) of suicide attempt also after the index seizure.
Much of the discussion on psychiatric comorbidities has revolved around the questions of whether these are consequences of the seizure disorder, whether they act as causes of it, whether both these alternatives may be operating, or whether the comobidities are explained by joint unknown underlying causes common for epilepsy and psychiatric conditions. 26, 27 The treatment of epilepsy might increase Table 4 Age-adjusted ORs with 95% CI for development of unprovoked seizures and time in years before and after a first diagnosis of depression, psychosis, suicide attempt or psychiatric disorders combined the risk of psychiatric conditions because some antiepileptic drugs can have adverse effects on mood and behavior. 28, 29 Likewise, some antidepressants and antipsychotics might increase or even decrease the risk of seizures. A recent analysis of randomized controlled trials indicates that proconvulsant effects are associated with only a small subgroup of such drugs (clozapine, olanzapine, and clomipramine) and that second-generation antidepressants appear to be anticonvulsant rather than the opposite. 30 Unfortunately, we did not have access to data on drug prescriptions for cases or controls and could thus not analyze the possible contribution of prescribed antidepressants, antipsychotics, or antiepileptic drugs on the subsequent risk of development of seizures. However, in the validation of our incident unprovoked seizure cases, we excluded patients thought to have drug-induced acute symptomatic seizures. It is more likely that our data, with the pattern of the temporal association between seizures and psychiatric disorders, can be explained mainly by a shared underlying susceptibility caused by as yet unknown factors. Our observed trends toward greater risks for cryptogenic/idiopathic seizures vs seizures with a known underlying etiology (table 3) , in line with the data of Hesdorffer et al., 15 are compatible with this interpretation. Structural and functional abnormalities in frontal and temporal lobes and abnormal secretion of neurotransmitters such as serotonin have been suggested as potential explanations. [31] [32] [33] Our study has certain limitations. Although the seizure diagnosis has been validated individually, information on the presence of psychiatric diseases is based on hospital discharge diagnoses. With the exception of those for schizophrenia, 34, 35 the ICD codes that we used from the Swedish Hospital Discharge Registry have not been formally validated. Second, in many patients, depression and anxiety disorders are diagnosed and managed on an outpatient basis or not diagnosed at all. Our data on psychiatric disorders thus probably represent the more severe forms that require hospitalization. The high proportion of patients with more than one diagnosis supports this notion that diagnoses such as anxiety disorder and depression more often in combination with a more severe psychopathology may call for hospitalization. None of these limitations should, however, affect the case-control comparison and the point estimate of the ORs.
However, although data on hospital discharge dates before seizure onset are unbiased, the possibility that hospitalization for a psychiatric disorder after seizure onset is influenced by the seizure diagnosis cannot be ruled out. In addition to the psychiatric disorders reported here, we analyzed a broad spec-trum of hospital discharge diagnoses for our cases and controls. Increased ORs were noted after seizure onset for dermatological disorders and eye disorders, among other diagnoses, whereas a more detailed analysis revealed reasonable explanations in most cases, e.g., skin rashes related to antiepileptic drug exposure and eye injuries associated with scull and face fractures. Unlike our findings concerning psychiatric conditions, increased ORs for these other disorders were observed predominantly among seizure cases with symptomatic seizure etiology.
In conclusion, our results support the hypothesis of common pathogenic mechanisms for epilepsy and some psychiatric conditions and prompt further studies exploring the nature of this shared etiology. From the clinical point of view, physicians need to be aware that patients with severe psychiatric conditions such as psychoses and depression, as well as those with previous suicide attempts, are at increased risk of developing epilepsy and vice versa.
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